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(54) BROADCASTING PROGRAM STORAGE SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that the optimization of the 
combination of stored programs is not taken into consideration and a program set for 
maximizing the predicted satisfaction of a user can not be stored. 

SOLUTION: This system is provided with a preference learning means 2 for learning 
program preference fi:om the viewing action of the user, a preference degree prediction 



means 4 for predicting the preference degree of the user from program information for 
respective programs and a storage schedule means 5 for obtaining a solution for 
maximizing a general predicted satisfaction within schedule object time within a 
limited storage capacity at the time of deciding the program to be stored or the program 
to be erased. By the constitution, a device for effectively using the storage capacity of a 
broadcasting storage device, automatically storing the programs suitable for the user 
and presenting them to the user is realized. By using a random access medium such as 
a magnetic tape or an HDD and mounting the storage device of the various kinds of 
data supplied by television, radio or the Internet, etc., the efficient automatic storage of 
the various kinds of the programs or information is realized. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A program storage system comprising: 

A taste learning means which learns a user's program taste from 

viewing-and-listening action. 

A taste degree prediction means which predicts a user's degree of taste from program 
information. 

An accumulation plan means which chooses a program by solving a time [ to calculate 



a solution from which the total prediction degree of satisfaction within time for a plan 
serves as the maximum within limited storage capacitance when determining a 
program to accumulate or a program to eliminate ] extension knapsack problem. 

[Claim 2]The program storage system according to claim 1 performing said 
accumulation plan means simultaneously to a plan of delete time of not only an 
accumulation plan of a program of the future but an accumulated program already. 
[Claim 3]The program storage system according to claim 1 or 2. wherein a field for 
accumulating a program in which a user did reservation of picture recording is 
effectively used for said accumulation plan means until just before the program starts, 
and it forms an accumulation plan. 

[Claim 4]claims 1-3, wherein said accumulation plan means forms an accumulation 
plan with two step-by-step procedures which add an accumulation program set later 
at the time of middle which asks for an accumulation program set at the time of a 
termination of said time for a plan previously, and is filled in the remaining openings — 
either — a program storage system of a statement. 

[Claim 5]The program storage system according to claim 4 calculating a solution from 
which the total prediction degree of satisfaction serves as the maximum with dynamic 
programming in said two step-by-step procedures when asking for an accumulation 
program set at the time of a termination of said time for a plan. 
[Claim 6]In said two step-by-step procedures, when asking for an accumulation 
program set at the time of a termination of said time for a plan. [Unit storage time] 
The program storage system according to claim 4 calculating the semi- optimal 
solution by a covetous method which hits or is chosen from what has a big prediction 
degree of satisfaction of a [unit storage time] x [unit lapsed time] hit. 
[Claim 7]When adding an accumulation program set later in said two step-by-step 
procedures at the time of middle filled in the remaining openings, [unit storage time] 
— claims 4-6 adding an accumulation program by a covetous method which hits or is 
chosen from what has a big prediction degree of satisfaction of a [unit storage time] x 
[unit lapsed time] hit — either — a program storage system of a statement. 
[Claim 8]claims 6-7 checking in a covetous method of said accumulation plan means 
till whether resources required for recording of not only a size of a prediction degree 
of satisfaction but a tuner etc. are securable, and forming said accumulation plan — 
either — a program storage system of a statement. 

[Claim 9]In calculation of a prediction degree of satisfaction at the time of searching 
for a rate of viewing time of each genre, and choosing every one accumulation 



program from statistics of a viewing-and-listening trend a user s past in a covetous 
method of said accumulation plan means, claims 6-8 forming said accumulation plan 
which was able to balance genres by calculating a value by giving a discount about a 
portion protruded to a viewing time rate of a genre — either — a program storage 
system of a statement. 

[Claim 10]claims 1-9 characterized by using (the degree of prediction taste), x (the 
degree of prediction taste) (program length), or (the degree of prediction taste) 
x(program length) x (survival time) as a prediction degree of satisfaction — either — a 
program storage system of a statement. 

[Claim 1 1]In said taste degree prediction means and a taste learning means, an 
electronic text of program information acquired from broadcast by communication is 
changed into an attribute vector which consists of keywords, A taste function showing 
a relation of the degree of presumed taste and an attribute vector which are 
presumed from viewing-and-listening action is learned, A taste value of a function of 
the attribute vector is made into the degree of prediction taste to a program 
unlistened [ view and ], A virtual specialist and dignity which predict only when the 
keyword is contained in an attribute vector for every keyword are provided. In [ the 
weighted mean of prediction of a specialist performs prediction, and study uses a 
method held by adjusting the dignity, and ] the method concerned. As a predicted 
value of a specialist corresponding to each keyword, an average of the degree of 
presumed taste of a program with an attribute vector containing the keyword or its 
Laplace point estimate (degree+0.5 of accumulation presumption taste)/(appearance 
frequency+1 .0) is used, claims 1-10 performing-rq/p+ (1-r) (1-q) / (1-p) by carrying 
out double-dignity of weighted-mean p [ of prediction of a specialist ]. and specialist 
of degree r of presumed taste to degree q of prediction taste from actual 
viewing-and-listening action characterized by study — either — a program storage 
system of a statement. 

[Claim 12]In said taste degree prediction means and a taste learning means, a taste 
information server is provided via a means of communication, Learn from the degree 
of presumed taste of a program of the past when favorite similarity between users is 
sent through this means of communication, and a certain user's non-view program is 
received, In [ use a method which presumes the degree of taste from similarity to the 
degrees of presumed taste of a user to whom the degree of presumed taste has 
already been sent to the program, those users, and a prediction object user, and ] the 
method concerned, A virtual specialist and dignity which predict only when the similar 
user's degree of presumed taste is already known for every similar user of each user 



are provided, The weighted mean of prediction of a specialist performs prediction, and 
study uses a method held by adjusting the dignity, and as a predicted value of a 
specialist corresponding to each similar user. The similar user s degree of presumed 
taste is used, claims 1-10, wherein study performs dignity of weighted-mean p of 
prediction of a specialist, and a specialist of the degree r of presumed taste to the 
degree q of presumed taste from actual viewing-and-listening action rq/p+ (1-r) (1-q) 
/ (1-p) by carrying out double — either — a program storage system of a statement. 
[Claim 13]Both specialists according to claim 11 and the specialists according to 
claim 1 2 are used. The degree of prediction taste the weighted mean of prediction of 
two methods performs prediction, and according [ study ] to the method according to 
claim 1 1 p^. If the degree of presumed taste presumed [ degree / of prediction taste / 
by the method according to claim 12 ] from p and viewing-and-listening action in the 
weighted mean of p^ and two methods is set to r. Dignity of the method according to 
claim 1 1 rpyp+ (1-r) (l-p^) / (l-^p) twice, claims 1-10 by which it is performing-rp/p+ 
(1-r) (l-Pg) / (1-p) by carrying out double-dignity of method according to claim 12 
characterized — either — a program storage system of a statement. 
[Claim 14]Both specialists according to claim 11 and the specialists according to 
claim 12 are used, The weighted mean of prediction of both all the specialists 
performs prediction, claims 1-10. wherein study uses the weighted mean of prediction 
of both all the specialists instead of weighted-mean p of prediction of a specialist in 
claim 1 1 and the method according to claim 12 — either — a program storage system 
of a statement. 

[Claim 15]claims 11-14 making into the final degree of prediction taste a value which 
considered that standard deviation with dignity of each specialist's degree of 
prediction taste was uncertainty, and added a fixed multiple of this uncertainty to the 
weighted mean of a specialist's predicted value in a taste degree prediction means — 
either — a program storage system of a statement. 

[Claim 16]claims 1-15 provided with a repressing means of accumulation data of a 
once accumulated program — either — a program storage system of a statement. 
[Claim 17]claims 1-16 including a compression ratio setting means which can specify 
a compression ratio separately when accumulating a program — either — a program 
storage system of a statement. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates contents of broadcast, such as 
TV (television) program, to the automatic program storage system in the device which 
performs accumulation and reproduction about a program storage system. 
[0002] 

[Description of the Prior Art]In recent years, the storage device of TV program using 
random access media, such as HDD (Hard Disc Drive), is developed. What was 
provided with the function which accumulates the program which was automatically 
suitable for the user based on the liking which the user registered into these devices 
beforehand is seen (Nikkei electronics magazine (November 30, 1998 issue, no.731. 
pp.41 -46).). JP,5-2794A JP,5-62283,A, JP.6-124309,A, The method of predicting 
and accumulating a favorite program in JP.10-164528,A, JP,10-243352,A, and 
JP.10-285528,A from program information etc. based on the past view history data is 
indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned device, 
optimization of the combination of an accumulation program in case storage 
capacitance has a limitation was not taken into consideration, but there was a problem 
that a program set which makes a user's prediction degree of satisfaction the 
maximum could not be accumulated. The purpose of this invention is to provide the 
program storage system in which various programs or the efficient automatic storage 
of information is possible. 
[0004] 

[Means for Solving the Problem]This invention is characterized by a program storage 



system comprising the following. 

A taste learning means which learns a user's program taste from 
viewing-andHistening action. 

A taste degree prediction means which predicts a users degree of taste from program 
information. 

An accumulation plan means which chooses a program by solving a time [ to calculate 
a solution from which the total prediction degree of satisfaction within time for a plan 
serves as the maximum within limited storage capacitance when determining a 
program to accumulate or a program to eliminate ] extension knapsack problem. 

[0005]And to a plan of delete time of not only an accumulation plan of a program of 
the future but an accumulated program already, said accumulation plan means is 
characterized by carrying out simultaneously, and said accumulation plan means, A 
field for accumulating a program in which a user did reservation of picture recording is 
effectively used, untiljust before the program starts, and an accumulation plan is 
formed. Said accumulation plan means asks for an accumulation program set at the 
time of a termination of said time for a plan previously, and forms an accumulation 
plan with two step-by-step procedures which add an accumulation program set later 
at the time of middle filled in the remaining openings. 

[0006]And in [ it is characterized by calculating a solution from which the total 
prediction degree of satisfaction serves as the maximum with dynamic programming in 
said two step-by-step procedures, when asking for an accumulation program set at 
the time of a termination of said time for a plan, and ] said two step-by-step 
procedures, When asking for an accumulation program set at the time of a termination 
of said time for a plan, the semi- optimal solution is calculated by a covetous method 
which [unit storage time] Hits or is chosen from what has a big prediction degree of 
satisfaction of a [unit storage time] x [unit lapsed time] hit. In said two step-by-step 
procedures, when adding an accumulation program set later at the time of middle filled 
in the remaining openings, an accumulation program is added by a covetous method 
which [unit storage time] Hits or is chosen from what has a big prediction degree of 
satisfaction of a [unit storage time] x [unit lapsed time] hit. 

[0007]In a covetous method of said accumulation plan means, only not only in a size of 
a prediction degree of satisfaction, In [ it is characterized by checking till whether 
resources required for recording of a tuner etc. are securable, and forming said 
accumulation plan, and ] a covetous method of said accumulation plan means, In 
calculation of a prediction degree of satisfaction at the time of searching for a rate of 



viewing time of each genre, and choosing every one accumulation program from 
statistics of a viewing-and-listening trend a user s past, It is characterized by forming 
said accumulation plan which was able to balance genres by calculating a value by 
giving a discount about a portion protruded to a viewing time rate of a genre, and as 
said prediction degree of satisfaction, (The degree of prediction taste), x (the degree 
of prediction taste) (program length), or (the degree of prediction taste) x(program 
length) X (survival time) is used. 

[0008]In said taste degree prediction means and a taste learning means, an electronic 
text of program information acquired from broadcast by communication is changed 
into an attribute vector which consists of keywords. A taste function showing a 
relation of the degree of presumed taste and an attribute vector which are presumed 
from viewing-and-listening action is learned. A taste value of a function of the 
attribute vector is made into the degree of prediction taste to a program unlistened 
[ view and ], A virtual specialist and dignity which predict only when the keyword is 
contained in an attribute vector for every keyword are provided, In [ the weighted 
mean of prediction of a specialist performs prediction, and study uses a method held 
by adjusting the dignity, and ] the method concerned. As a predicted value of a 
specialist corresponding to each keyword, an average of the degree of presumed taste 
of a program with an attribute vector containing the keyword or its Laplace point 
estimate (degree+0.5 of accumulation presumption taste)/(appearance 
frequency+1 .0) is used. It is performing-rq/p+ (1-r) (1-q) / (1-p) by carrying out 
double-dignity of weighted-mean p [ of prediction of a specialist ], and specialist of 
degree r of presumed taste to degree q of prediction taste from actual 
viewing-and-listening action characterized by study. 

[0009]In said taste degree prediction means and a taste learning means, a taste 
information server is provided via a means of communication. Learn from the degree 
of presumed taste of a program of the past when favorite similarity between users is 
sent through this means of communication, and a certain user s non-view program is 
received. In [ use a method which presumes the degree of taste from similarity to the 
degrees of presumed taste of a user to whom the degree of presumed taste has 
already been sent to the program, those users, and a prediction object user, and ] the 
method concerned, A virtual specialist and dignity which predict only when the similar 
user's degree of presumed taste is already known for every similar user of each user 
are provided. The weighted mean of prediction of a specialist performs prediction, and 
study uses a method held by adjusting the dignity, and as a predicted value of a 
specialist corresponding to each similar user, Study performs dignity of 



weighted-mean p of prediction of a specialist, and a specialist of the degree r of 
presumed taste to the degree q of presumed taste from actual viewing-and-listening 
action using the similar user s degree of presumed taste rq/p+ (1-r) (1-q) / (1-p) by 
carrying out double. 

[0010]An operation from a book is described. A taste learning means which learns 
program taste from a user's viewing-and-listening action, and a taste degree 
prediction means which predicts a users degree of taste from program information to 
each program, When determining a program to accumulate or a program to eliminate, 
an accumulation plan means which chooses a program is formed by solving a time [ to 
calculate a solution from which a comprehensive prediction degree of satisfaction 
within time for a plan serves as the maximum within limited storage capacitance ] 
extension knapsack problem. A device of accumulating automatically a program for 
which it was suitable for a user, using storage capacitance of a broadcast storage 
device effectively, and showing a user by this composition is realizable. This method is 
mounting a storage device of various data supplied on television, radio, or the Internet 
using random access media, such as magnetic tape or HDD, and can realize efficient 
automatic storage of various programs or information. 
[0011] 

[Embodiment of the Invention] Next, an embodiment of the invention is described with 

reference to drawings. The embodiment of this invention is provided with the following. 

Input output means 1 . 

Taste learning means 2. 

Program information acquisition means 3. 

The taste degree prediction means 4, the accumulation plan means 5, the program 
accumulation management means 6, and the broadcast receiving means 7. 
And the storage 1 1 which stores program data, the storage 12 which stores 
accumulation management information, the storage 1 3 which stores taste function 
information, the storage 14 which stores a program attribute vector, and the storage 
15 which stores a program schedule are included. 

[0012]Operation of this embodiment is explained with reference to drawing 1 . A user 
is seen off from a broadcasting station by the input output means 1, and views and 
listens to the thing which is raw or by which it was accumulated in the storage in the 
program received by the broadcast receiving means 7. A user reserves accumulation 
of the program of the future using the input output means 1. In that case, reserved 
information is saved at the storage of accumulation management information. The 
input output means 1 observes what kind of action the user took to the program 



(request to print out files, without it views, listens and sees elimination and permanent 
preservation a change, if liking/disagreeable input), and passes the 
viewing-and-listening action to the taste learning means 2. 

[001 3]the program information by which broadcast wave (or — letting the Internet etc. 
pass) supply of the program information acquisition means 3 is carried out — the 
broadcast receiving means 7 (.) Or it acquires by drawing 7 and the means of 
communication 8 of 8, and the program attribute vector and program schedule which 
were changed and made are stored in the memory storage (storage) 14 and 15, 
respectively. The taste learning means 2 is learned from the viewing-and-listening 
action to the program to which the taste function which predicts whether a user likes 
the program from the attribute of a program was passed from the input output means 
1, and the program attribute vector accumulated by the program information 
acquisition means 3. 

[0014]The accumulation plan means 5 acquires the information on the program 
currently stored in the storage, and the program reserved from the storage 12 of 
accumulation management information, The information on the program broadcast by 
time the future to be is acquired from the storage 15 of a program schedule, 
accumulation / elimination schedule of those programs is stood, and it is stored in the 
storage 12 of accumulation management information. When the accumulation plan 
means 5 stands accumulation / elimination schedule, the list of programs is passed to 
the taste degree prediction means 4. The taste degree prediction means 4 predicts 
the degree of taste of the program which acquires a program attribute vector and 
taste function information from each storage 14 and 13, and belongs to the passed list, 
and returns the list of (a program and the degrees of taste) to the accumulation plan 
means 5. 

[0015]In the accumulation plan means 5. in consideration of an empty storage 
capacity, the degree of prediction taste, broadcasting hours, a user s 
viewing-and-listening time, etc., a schedule is stood so that a users prediction degree 
of satisfaction may become as large as possible. The program accumulation 
management means 6 acquires accumulation / elimination schedule and reserved 
information from the storage 12 of accumulation management information, and 
performs accumulation and elimination of a program according to it. Point to tuning of 
a channel to the broadcast receiving means 7 at program broadcast time of onset, a 
program is made to receive about an accumulation schedule and reserved information, 
and the accumulation to the storage 1 1 of the program is started. 
[001 6]A program is accumulated in random access media, such as magnetic tape and 



HDD, as magnetic tape or digital data as analog data. The broadcast receiving means 7 
is made to end reception of a program, and the accumulation to a storage is stopped 
at program broadcast finish time. About an elimination schedule, the permission which 
other programs overwrite to the field of the program in a storage at the planned time 
is given. The program accumulation management means 6 compresses and stores 
program data so that the storage with which capacity was restricted may be used 
effectively. 

[0017]In that case, the composition which added the compression ratio setting means 
which can specify the compression ratio of each program with a user's directions, 
such as making low the compression ratio of the program troubled if quality falls off, or 
lowering a compression ratio so that prolonged accumulation may be possible, is also 
considered. Time passes so that the field occupied by the program accumulated in the 
storage without being viewed and listened for a long time may be used effectively, and 
the composition which added the repressing rate means which raises a compression 
ratio is also considered. 

[0018]Next, the program information acquisition means 3 and the accumulation plan 
means 5 are explained in detail, and, finally explanation of the taste degree prediction 
means 4 and the taste learning means 2 is given. Drawing 2 is a flow chart of the 
program information acquisition means 3. In drawing 2 , the program information 
acquisition means 3 is explained in detail using an example. Suppose that the following 
text data was obtained as program information of television. 

[001 9]"1 998/1 2/1 2, the NHK synthesis. 21:00, 22:15. B-2, the poetry of the NHK 
drama hall and love "boy test (2) observation". I began to think that, as for Masao 
Yajima and **, Akashi Yoshinaga and production Tatsuya Kamikawa, Yumi Asou. 
Masaki Aiba. Tomohisa Yamashita. Sayaka Yoshino. the Torimaru ******, and 
Hirokawa (Tatsuya Kamikawa) that acts as an examiner of the branch of the Family 
Court. Shinya has protected someone while interviewing Shinya (Tomohisa Yamashita) 
of having killed the father. " 

[0020]This A televising day (1998/12/12), a channel (NHK synthesis), Time of onset 
(21:00), end time (22:15), a genre (B-2: long drama). It consists of a title (poetry of the 
NHK drama hall and love "boy test (2) observation"), a performer (Masao Yajima and 
**, Akashi Yoshinaga and production, Tatsuya Kamikawa, Yumi Asou, Masaki Aiba, 
Tomohisa Yamashita, Sayaka Yoshino, Torimaru ******), etc. and an outline 
(examiner — of the branch of the Family Court). Among these, portions, such as a 
televising day, a channel, time of onset, end time, and a performer, are already 
decomposed portions which do not have the necessity for decomposition in extracting 



a required attribute, and a title and an outline are portions with the necessity for 
decomposition. 

[0021 ]In the program information means 3, program information is first divided into 
this existing decomposition part and a non-decomposition part (Step 31), A 
non-decomposition part conducts a morphological analysis and extracts a keyword 
(Step 32). For example, if only a noun is made into a keyword, the keyword list (NHK, 
dramas, mansions, love, boys, an examination, observation, the Family Court, a branch, 
an examiner. Hirokawa. Tatsuya Kamikawa. a father, Shinya, Tomohisa Yamashita. an 
interview, and someone) will be obtained from the upper title and outline. About an 
existing decomposition part, a name of a person is made into a keyword as it is, and 
other portions are changed into the suitable keyword showing the attribute (Step 33). 
[0022]For example, in the case of the upper example, a televising day, a channel, time 
of onset, end time, a genre, a performer, etc. are changed into the following keyword 
lists. (Televising day: The ground, channehNHK synthesis, time-of-onset:20-22, 
program length:60-90, genre:B-2, Masao Yajima, Akashi Yoshinaga. Tatsuya Kamikawa, 
Yumi Asou, Masaki Aiba, Tomohisa Yamashita, Sayaka Yoshino, Torimaru ******). 
[0023]The keyword list made from the non-decomposition part and the existing 
decomposition part carries out removal of a duplication keyword, etc., unites, and 
turns into one keyword list (program attribute vector) (Step 34). 
[0024] Drawing 3 is a flow chart of the accumulation plan means 5. The accumulation 
plan means 5 creates a program list from the program schedule, and accumulation and 
reserved information of the future, and passes it to the taste degree prediction means 
4 (Step 51). To each program belonging to a list, the taste degree prediction means 4 
calculates the degree of prediction taste, and returns it to the accumulation plan 
means 5. The accumulation plan means 5 creates the accumulation program set RL at 
the time of the time termination for a schedule based on the acquired information 
(Step 52). However, the element of the accumulation program set RL consists of the 
program k and a group (k, t) of the blanking time t. Then, availability [ of the storage 
medium in each time t ] U (t) is calculated from the accumulation program set RL 
(Step 53). 

[0025]Finally, an accumulation program set is added to RL at the time of middle (Step 
54), and it stores in the storage of accumulation management information by 
considering RL as accumulation / elimination schedule so that the opening of a 
storage medium may be lost in each time. 

[0026]Accumulation / elimination schedule RL which the accumulation plan means 5 
outputs is made so that a prediction degree of satisfaction may become as large as 



possible. A prediction degree of satisfaction here is defined as follows. First, the 
prediction degree of satisfaction at the time of accumulating the one program k and 
eliminating at the time t is set to V (k. t). If p^ and program length are made into 1^ and 
finish time is made into e^ for the degree of prediction taste of the program k, following 
function (k. t), (k. t), V3 (k. t). etc. can be considered as V (k. t). 
[0027] 

Vi(k, t) =Pk (1) 

V2(k, t) =Pk and I, .... (2) 

V3(k, t) ^p^andlk- (t-ej (3) 

[0028]Vi (k, t) uses the degree of prediction taste for a prediction degree of 
satisfaction as it is. (k, t) uses for a prediction degree of satisfaction the value 
which imposed program length on the degree of prediction taste, and when the degree 
of prediction taste is viewing-and-listening probability, it expresses expected viewing 
time. V3 (k, t) spends further survival time, i.e.. the time from the end of a program to 
elimination, the degree of prediction taste is viewing-and-listening probability, and 
when distribution of a user's viewing-and-listening time follows uniform distribution, it 
expresses what integrated with the expected viewing time of each time. 
[0029]The element of accumulation / elimination schedule RL consists of the program 
k and a group (k, t) of the blanking time t, and is a prediction degree of satisfaction of 
RL, [Equation 1] 



It comes out and calculates. 

[0030] By the way, since the capacity of a storage medium has restriction, a schedule 
must be stood in consideration of it, but it can be formulized as follows. Now, let 
capacity of a storage medium be the quantity which can accumulate the broadcast for 
r minutes. A set of the program accumulated in the storage in the time s at the time of 
following the schedule RL is made into RL^ That is. RL'= {k:(k, t) **RL, b,<=s<tl .... (5) 
It carries out. However, b^^ expresses the broadcast start time of the program k. 
[0031]At this time, restriction of the capacity of a storage medium is set at all the 
time s, [Equation 2] 



It can write. A problem which makes the maximum a prediction degree of satisfaction 



given by a formula (4) under this restriction will be called a time extension knapsack 
problem. It is the form which extended an ordinary knapsack problem so that a time 
factor might be included. The optimal solution cannot be calculated with dynamic 
programming like an ordinary knapsack problem, and an efficient solution is not known 
(p.81 of "the Iwanami lecture, applied mathematics, discrete optimization technology, 
and an algorithm" should be referred to for a solution by a knapsack problem and its 
dynamic programming). 

[0032]So. as work which makes RL, from the following examples of this invention. Step 
52 which makes an accumulation program set at the time of a termination of time for a 
schedule is performed previously, and it fixes, and also a set of a program 
accumulated at the time of middle of time for a schedule is made, and two 
step-by-step procedures of adding to it (Step 54) are used in them. The portion which 
makes an accumulation program set at the time of a termination should just solve an 
ordinary knapsack problem, and can calculate the optimal solution with dynamic 
programming ( drawing 4 ). 

[0033]An approximate solution can be obtained by a covetous method ( drawing 5 ) 
which chooses a prediction degree of satisfaction per unit storage time (or [unit 
storage time] x [unit lapsed time] hit) from what is made into the maximum. Creation 
of an accumulation program set can also use this covetous method at the time of 
middle which is the following stage ( drawing 6 ). 

[0034] Drawing 4 is a detail view in a case of performing creation (Step 52) of the 
accumulation list RL using dynamic programming at the time of a termination in the 

accumulation plan means 5. 1 time that was set to n and calculated from capacity 

of a storage medium and that can be accumulated are made into r minutes for an 
object program. When there is storage capacitance for m minutes for a program from 1 
to k. value at the time of choosing an accumulation program set so that the sum total 
of value may become large most is set to VM [k, m]. 

[0035]in Step 522, call the function Value (n. r) and a program calculates 1 the 

optimal solution in case n and capacity are r minutes — being required (k, m) — 
receiving VM [k. m] is calculated. As the preparatory step, VM [k, m] is initialized to -1 

to all the (k, m) **{1 n} x [1 r} at Step 521 . In the last step 523, the list RL of an 

accumulation program which realizes a value of two-dimensional-array VM to VM [n. 
r], and groups of the blanking time (default) is created. 

[0036]Next, details of the function Value (n, r) called at Step 522 are explained. Value 
is a function which receives (k, m) as an input, calculates a value of VM [k, m] by a 
recursive call, sets it, and returns the value as a value of a function. First, if it receives 



having been given (k, m) and a value of VM [k, m] is already set up. the value will be 
returned and it will end (Step 5221). When a value of VM [k. m] is not set up, 
processing is changed by whether it is k= 1 (Step 5222). 

[0037]Investigate whether in the case of k= 1. the program length II of the program 1 
is larger than the storage capacitance m (Step 5223), and when large. 0 (Step 5224) 
and when that is not right. The value V at the time of eliminating the program 1 at the 
time T (1 . T) is set to VM [1 . m] (Step 5225). and the value is returned as a value of a 
function, and it ends. 

[0038]Here. let time T be a value (for example, ten days after) big enough compared 

with finish time of the program 1 n. When k is not 1, it is investigated similarly 

whether program length 1^ of the program k is larger than m (Step 5126). When large, 
(Step 5227) and when that is not right, a direction which is not small is set to VM [k, 
m] for VM [k-1 , m] with two values, VM [k-1 . m], and k-1 and VM[m-IJ+V (k, T). (Step 
5228), and the value is returned as a value of a function, and it ends. However, a value 
of VM [k-1. m] and VM [k-1, m-lj is calculated by carrying out the recursive call of 
the function Value. 

[0039]Next. processing of Step 523 is explained in detail. In this step, the list RL of an 
accumulation program which realizes a value of two-dimensional-array VM to VM [n. 
r], and groups of that blanking time is created. The variable m which expresses 
storage time for the variable k showing a program under processing first to n is set to 
r, and the list RL is set to an empty set (Step 5231). Next, the following processings 
are repeated until a value of k is set to 1 (Step 5232). 

[0040]It investigates whether it is VM[k. m] =VM [k-1. m] (Step 5233). otherwise, (k. 
T) are added to the list RL (Step 5234). the program length Ik is lengthened from m 
(Step 5235), and nothing will be done if that is right. In both cases, only 1 makes k 
small at the last (Step 5236). If set to k= 1. it investigates whether VM [1, m] is 
positive (Step 5237). and only when that is right, (1 . T) will be added to the list RL 
(Step 5238). 

[0041] Drawing 5 is a flow chart in a case of it being avaricious for creation (Step 52) 
of the accumulation program set RL at the time of a termination in the accumulation 
plan means 5, and carrying out approximately using law. A set of an accumulation 
candidate's program is set to C, the accumulation program set RL is set to an empty 
set, and the variable m showing the storage time remainder is set to the storage 
capacitance r (Step 52a). First, program length removes a program for remaining m or 
less minutes of storage time from the candidate set C (Step 52b). It investigates 
whether C is empty (Step 52c), and if it is empty, it will end. When there is no C in the 



sky, prediction degree-ol^satisfaction UV (i, T) per unit storage time (or [unit storage 
time] X [unit lapsed time] hit) looks for the highest program i in C, and it is set to the 
variable k (Step 52d). 

[0042] Predict! on degree-of^satisfaction UV per unit storage time (i, T) breaks the 
prediction degree of satisfaction V at the time of eliminating the program i at the time 
T (i, T) by program length Ij. A prediction degree of satisfaction of a [unit storage time] 
X [unit lapsed time] hit breaks it further (J-b), However, b; is the broadcast start time 
of the program i. Then, (k. T) are added to the list RL (Step 52e), only program length 
I k reduces the remaining storage time m except for k from the candidate set C (Step 
52f). and it returns to Step 52b. 

[0043] Drawing 6 is a flow chart in a case of performing approximately a step (Step 54) 
which adds a recording list to the recording list RL at the time of a termination at the 
time of middle in the accumulation plan means 5 using a covetous method. First, a set 
of a program belonging to RL is made into RL^, and the candidate-programs set C is 

initialized to 1 set {n} IRL^ excluding RL^ from a set of all the object programs (Step 

541). The remaining U (e;) of storage time of finish time e- of each program i removes a 
thing smaller than program length Ij from the candidate-programs set C (Step 542). It 
investigates whether the candidate-programs set C is empty (Step 543), and if it is 
empty, it will end. If it is not empty, the remainder of storage time will set blanking time 
dj of each program i belonging to C to time which becomes smaller than program 
length li (Step 544). 

[0044] Next, the program i with highest prediction degree-of-satisf action UV (i. d|) per 
unit storage time (or [unit storage time] x [unit lapsed time] hit) is looked for in C. and 
it is set to the variable k (Step 545). (k, d^) are added to the list RL (Step 546). more 
than start time b^ of the program k lengthens the remaining [ of picture recording 
times of each time t of less than the elimination time t ] U (t) to program length I,, 
except for k from the candidate set C, and it returns to Step 542. 
[0045]When there is a program with which a user made a request to print out files 
directly, a field for accumulating the program is vacant until the program starts. When 
creating an accumulation set at the time of middle, a plan can be made to use of the 
field. 

[0046]Combination of a program which cannot be reserved simultaneously actually is 
also considered with relations, such as restrictions of the number of tuners. It is 
possible to check such restrictions in the case of a covetous method, and to carry out 
to it a schedule which fills various restrictions by leaving only what is filled to the 
candidate-programs set C in Step 52b and Step 542. 



[0047]When only programs with a high prediction degree of satisfaction are chosen, 
only same programs are chosen and a user s degree of satisfaction to a set of a 
selected program may not become not much high. This problem can be coped with by 
putting in a factor of balance between genres in calculation of prediction 
degree-of-satisfaction UV per unit storage time (i. T) in the case of a covetous 
method. A rate of viewing time of each genre can be known from statistics of a 
viewing-and-listening trend the user's past. 

[0048]When the program i which has the genre A in the present accumulation list RL 
is added, the sum total of program length of a program of the genre A in RL, When 
exceeding a value which multiplied storage capacitance (time) by a 
viewing-and-listening rate of the user's genre A, scheduling near a rate of viewing 
time of each genre can be carried out by applying a discount rate in a value of UV (i, T) 
of an exceeded portion. 

[0049]There are two, a method by "contents" which performs study/prediction using 
a program attribute vector, and a method by "cooperation" which performs 
study/prediction using a similar user's degree of presumed taste, in the taste learning 
means 2 and the taste degree prediction means 4, and composition using either and 
composition using both can be considered. In composition using both, there are two, a 
case where the degree of prediction taste by cooperation is calculated by a taste 
information server, and a case where the degree of prediction taste by cooperation 
and the contents is collectively calculated by a home server. 

[0050]In a method by cooperation, "it saw by XX" to an accumulated program already, 
[ which a similar user took to the program ] The degree of prediction taste to the user 
is calculated from viewing-and-listening action of "it eliminated without seeing", "it 
having changed to permanent preservation", "having inputted, when 
liking/disagreeable", etc.. To a program of the future, the degree of prediction taste to 
the user is calculated from viewing-and-listening action of "it reserved", "having 
inputted, when liking/disagreeable", etc. which a similar user took to the program. 
Below, two cases of composition using both are explained. 

[0051] Drawing 7 is a block diagram of the taste degree prediction means 4 in a case of 
calculating the degree of prediction taste by cooperation by a taste information server, 
and the taste learning means 2. The taste degree prediction means 4 calculates the 
degree of prediction taste of a program belonging to a program list (list of programs 
broadcast by time an accumulated program and the future to be) passed from the 
accumulation plan means 5. and returns it to the accumulation plan means 5. Inside 
the taste degree prediction means 4, a passed program list is passed to the taste 



prediction means 42 by the contents, and the taste prediction means 43 by 
cooperation through the prediction taste degree calculating means 41 . However, since 
the taste prediction means 43 by cooperation is performed on a taste information 
server connected on the Internet etc.. a program list is passed using the means of 
communication 8. 

[0052]The taste prediction means 42 by the contents acquires a program attribute 
vector of a program belonging to a program list from a storage, calculates prediction 
taste degree information from a program attribute vector using a function which taste 
function information stored in a storage expresses, and returns it to the prediction 
taste degree calculating means 41. Using a function which taste function information 
stored in a storage expresses, the degree of presumed taste already understands the 
taste prediction means 43 by cooperation to a program of a prediction object, and also 
it calculates the degree of prediction taste from a user's degree of presumed taste, 
and returns it to the prediction taste degree calculating means 41. 
[0053]In the prediction taste degree calculating means 41, the final degree of 
prediction taste is calculated from the degree of prediction taste returned from the 
taste prediction means 42 by the contents, and the taste prediction means 43 by 
cooperation, and it returns to the accumulation plan means 5. In order to calculate a 
final predicted value from two predicted values, a method by the contents, and a 
method by cooperation, a method of making the weighted mean of two predicted 
values a final predicted value is used. 

[0054]The taste learning means 2 learns a taste function using information on a user s 
viewing-and-listening action obtained from the input output means 1. and updates 
taste function information. Inside the taste learning means 2. the degree of taste of a 
program is first presumed from inputted viewing-and-listening action by the taste 
degree estimation means 21. Here, it is possible "it saw by XX". "it eliminated without 
seeing", "it changed to permanent preservation", "when liking/disagreeable, it 
inputted", "it reserved", etc. as viewing-and-listening action which can be used for 
presumption. The degree of taste presupposes that it is expressed by the real value 
between 0 and 1, etc. The presumed degree of taste is passed to the taste learning 
means 22 by the contents, and the taste learning means 23 by cooperation. However, 
since the taste learning means 23 by cooperation is performed on a taste information 
server connected on the Internet etc., the degree of presumed taste is passed using 
the means of communication 8. 

[0055]The taste learning means 22 by the contents learns a taste function from an 
attribute vector and the degree of presumed taste of a program of a learning object 



which have been taken from a storage, and updates taste function information. The 
taste learning means 23 by cooperation also learns a taste function from the degree of 
presumed taste, and updates taste function information. Study of dignity between a 
method by the contents, and a method by cooperation, If the degree of presumed 
taste presumed [ degree / of prediction taste / according the degree of prediction 
taste by the contents to p^ and cooperation ] from p and viewing-and-listening action 
in p^ and the final degree of prediction taste (average of the degree of prediction taste 
by the contents and the degree of prediction taste by cooperation) is set to r, Dignity 
of a method according dignity of a method by the contents to rpyp+ (1-r) (l-p^) / 
(1-p) twice, and cooperation is performed rp/p+ (1-r) (1-Ps) / (1-p) by carrying out 
double. 

[0056] Drawing 8 is a block diagram of the taste degree prediction means 4 in a case of 
calculating the degree of prediction taste by cooperation and the contents collectively 
by a home server, and the taste learning means 2. Inside the taste degree prediction 
means 4, a similar user list sent by the similar user transmitting means 45, a presumed 
taste degree list to those users' prediction object program, and a program attribute 
vector are used. By the taste prediction means 44 by both the contents and 
cooperation, a list of the degrees of prediction taste to a given program list is 
calculated and outputted. 

[0057]Inside the taste learning means 2, the degree of taste of a program is first 
presumed from inputted viewing-and-listening action by the taste degree estimation 
means 21. The presumed degree of taste is passed to the taste learning means 24 by 
the contents and cooperation, and is stored in a presumed taste degree database on a 
taste information server. The taste learning means 24 by the contents and 
cooperation learns a taste function from the degree of presumed taste to an attribute 
vector of a program of a learning object taken from a storage, and a similar user s 
learning object program, and the user's degree of presumed taste, and updates taste 
function information. In a taste information server, a similar user list to each user is 
updated using the similar user learning means 25 from the degree of presumed taste 
stored in a presumed taste degree database. 

[0058]Here, an outline of prediction / study method of this invention is explained. In 
this invention, a specialist model which treats prediction by the contents and 
prediction by cooperation together performs prediction and study (about a specialist 
model). Proceedings of the Twenty-Ninth Annual ACM Symposium on the Theory of 
Computing, 1997, and pp.334-343 — printing . Y. "Usingand combining predictors that 
specialize." by Freund, R.Schapire, and Y. Singer and M. Warmuth should be referred 



to. 

[0059]A specialist model is a model which predicts based on prediction which many 
prediction algorithms output, and treats a case where it predicts using dignity 
attached to each algorithm. Unlike an expert model in which all the prediction 
algorithms especially always output prediction with this model, a case where a 
prediction algorithm may not output prediction is treated. Set to E a set of a specialist 
who outputs prediction, a predicted value of the specialist i who belongs to E by 
prediction of the degree of taste to a program with a certain user is made into qj, and 
the present dignity is made into Wj. The predicted value p based on a specialist's 
prediction at this time [Equation 3] 



It is come out and calculated. 

[0060]In this invention, in order to cope with acquisition of knowledge, and a problem 
of a trade-off of use and to choose a program with low reliability of the degree of 
prediction taste as much as possible, amendment of adding lambda (constant) twice of 
the weight average standard deviation d to the predicted value p calculated by a 
formula (7) is performed. Weight average standard deviation d [0061] 
[Equation 4] 



It is come out and calculated. 

[0062] Dignity Wj of the specialist i who belongs to E in study when the actual degree of 
taste is 0<=r<=1 [Equation 5] 



It is come out and updated. 

[0063]By this invention, a specialist is provided to each keyword which appears in a 
program attribute vector by taste prediction and a learning means by the contents. 
And each specialist predicts only to a program with an attribute vector containing a 
corresponding keyword. A predicted value will make the number of programs with an 



attribute vector which contains the keyword in the past values, such as R/N or 
(R+0.5)/(N+1 .0), if the sum total of N and an evaluation value (1 or less [ 0 or more ]) 
of those programs is set to R. 

[0064]In taste prediction and a learning means by cooperation, a specialist is provided 
for every similar user of the to each user. Each specialist predicts, only when a 
presumed evaluation value to the program of a corresponding similar user is already 
known. Let a predicted value be the presumed evaluation value. 
[0065] 

[Effect of the Invention]As explained above, according to the program storage system 
of this invention, a user is effective in automatic storage of its favorite program not 
only coming to be carrying out, without applying time and effort, but predicting the 
program which he does not notice usually from liking of program information and a 
similar user, and coming to accumulate it. A storage medium is always used effectively 
and it is effective in becoming possible to maintain as filled with the combination of 
the program whose total anticipation degree of satisfaction is high always. 



[Translation done.] * NOTICES * 

JPG and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the block which shows the composition of an 
embodiment of the invention. 

[Drawing 2] It is a figure showing the flow chart of the program information acquisition 
means 3. 



[Drawing 3] It is a figure showing the flow chart of the accumulation plan means 5. 
[Drawing 4] It is a figure showing the flow chart in the case of performing "it being 
creation (Step 52) of the accumulation list RL at the time of a termination" in the 
accumulation plan means 5 with dynamic programming. 

[Drawing 5] It is a figure showing the flow chart in the case of it being avaricious for "it 
being creation (Step 52) of the accumulation list RL at the time of a termination" in 
the accumulation plan means 5, and carrying out by law. 

[Drawing 6] It is a figure showing the flow chart in the case of it being avaricious for 
"adding an accumulation list to RL at the time of middle (Step 54)". and carrying out 
by law in the accumulation plan means 5. 

[Drawing 7] It is a figure showing the block of the taste degree prediction means 4 in 
the case of calculating the degree of prediction taste by cooperation by a taste 
information server, and the taste learning means 2. 

[Drawing 8] It is a ** figure about the block of the taste degree prediction means 4 in 
the case of calculating the degree of prediction taste by cooperation and the contents 
collectively by a home server, and the taste learning means 2. 
[Description of Notations] 

1 Input output means 

2 Taste learning means 

3 Program information acquisition means 

4 Taste degree prediction means 

5 Accumulation plan means 

6 Program accumulation management means 

7 Broadcast receiving means 
11-15 Storage 
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[0028] V. (k, t) (ii^rllsfffa^^'DSS^ 
»lS)iilii{cf$5 tcD-efe§o V. (k, t) fi^jllij»^i!f 
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*7°3 2) . mT^^f. €pO*i+-7-Ki:-r5^P.{f> 
±cD^-r F;l/i:«tgA^e., (NHK. F^-^, If. 

ill. ±JI||^t[l. 5<:. gtil. OjTgX. ffij^. /£n:6^) t 
l>9+-7-F'J7>F%'#§. gt^(»g|5{cMbT{i. A 

3) o 

[0 0 2 2] mfiU. ±o^J©^^. S;b?;s. 
10 f^tf^nf^. v>>>;k \i^m.mm^rJK(D^ 

9^+-7-F'JXFtC^i^$n5o ()K(BJ1B:±>^ 
■^^>;l/ : N H Kl^-&, : 2 0-2 2, #fflS : 

6 0-9 0, iz-^y;!/: B2, ^BiEti, g?^:!!, ±JI| 

r#m. ojts^. Sifi!'§. 

■frOil) „ 

[0 0 2 3] *i)-»Pg(5. K53'(!ifgP*^5>ftS>nfc+-7- 
F U X F filffl+-7- FcDPtS^^ LT^f* L, 1 O 
©+-7-FUXF (SffiMtt-^^F;l/) i:*5 (Xx 
•yy3 4) „ 

20 [0 0 2 4] m3^mmi\m^^i^<r)W,nm-v^^o m 
^A^5Sffi'jxF^{i:fi!tt, ^iffmrnm^Aicmt 

(Xx -y y 5 1 ) o i«-«^)i^i^iJ^ fS 4 ti U X F KIs^T 5 

^cMto #«itia^iS5 litf e.n/cttfs%atcx^>>a 
^■y^5 2) o fit, mmsmm^R KDsmimmk 

t^(Dfmm?St(Dm (k. t) ti'^rj::^, ^cofi, ^ 
30 fiU (t) ^IW-r§ (Xf--y7°5 3) o 

[0 0 2 5] mmc. ^miictsi^^rmmm^cD^^ti'^ 

(Xx-y7'54), RL^mm'm^7.^i^a-fl^tL 

[0 0 2 6] mmim^^isio^m-t^mm-m^^'r 

mncmibrcii^comm&&^w a. t) t-r 
40 k p V , sffig^ 1 » , mmm 

^e.ttnii. V (k. t) tLTi-XTcoM^V 
, (k, t) . V. (k. t) , V:, (k. t) 

[0 0 2 7] 

(1) 

• K (2) 

• K • ( t - c O ( 3 ) 

50 i-mmw&mmMmm^'^mwmmmi'i^mto v 



(6) 



:< (k. t) it^^m^m. -ot^m&mi^^'bmi: > 

[0 0 2 9] • ?'^£XyS/"a-;l/R LcDS^tiSffi 
k i:^^rf^SB#^t.«ffl (k, t.) A^B^t). RLCD^ 

V (k. O. C4) 

(h.DcRL *10 

RL'= ik : (k, L) eRL. 

[0 0 3 1] c(Dt^. mmmwfDnmmmii. 

2 ik :S r (6) 

kC RL' 

t.w^c c<D',mmTr'^ (4) x>j-^^n^^'mm 

[0 0 3 2] ^CT. *fg0^OJi(TO^MlJ-e{i. RL 

f«Sffi«^*f^^Xx<y:''5 2^5fetctfv^iaSb. Mtc 30 

i^O^ntijpx-S (Xf--y7'5 4) i:V^9 2imffi^ffl 

[0 0 3 3] t/c. mmm^fmr-j') i^fz.\t 

mX\zt^%.<r:>f>-hWRt^'mi'0'A (135) lcj;f)3fi 
(06) o 

[0 0 3 4] H 4 ti#«I+iB^g 5 (cfcit^l^iSHt^a 
U X h R L Ofl^fiic (X-r-y7'5 2) ^KWatiBffi^fflV^ 

i:t^o 1 A^P.kSl:-©#ffl^W^i;L. m^©Sag 
fl^iHHJi^^ili??LfctU^Otffirt^VM [k, m] 
[0 0 3 5] Xx-y:/5 2 2-p{±. IJtl^Valuc (n. 50 
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[0 0 3 0] i:c5T\ il«^«{*o^ltct±fliiJPg^^"S?. 
OT:\ ^n%#atTX'5^i>a-;l/^irT^ltntf^:b 



b.^s<t) (5) 

r) ^ifliiL, Sffl*M, , n. ^**'«r^}-0^^ 

OSii^f^^fe^Ot'i^S^ (k, m) {C>r^-r;5VM 

[k. m] mwt^o ^<D'mm$mtLx. x^y^ 

5 2 1 T'fi^TO (k, m) e ( 1 , , n} X 

(1. , r} tcWL, VM [k. m] ^- 

itt^o «tgcOXx>y7°5 2 3T-t±. -^^Ttga^iJVM;^)^ 

e.vM [n. r] iDm^mm.t^mm^mtt<Dm£m 

ll'd (K'/l'fli'O <03NlOUXhR L^ftSStfSo 

[0 0 3 6] Xx'y^S 2 2Tti?t>'tU$n5H^ 

Value (n. r) (D,m^Mmt^o Value A:'3i: 
LT (k, m) VM [k, m] Ofit^S^ft 

^aitc =t D ,itP: LT-b -y h IMJISjMi LT^Ofn'i^M 
-rfH^T-^^o ^^^ntc (k. m) (CWL. ^ 

(cvM [k, m] oia^^^^snri/^fcp.^ ^<Dm^m 

LXmrt^ (X-r-y:/5 2 2 1 ) o VM [k. m] O 

fMss^nri/^^i^^^ii:. k = 1 fj-^m^x^m^^ 

X.?. (Xr-y7°5 2 2 2) o 

[0 0 3 7] k = 1 (Dm-^lfi. #ffi 1 0#ffifi I 1 
iM^amJ;Dt;^^t/^A^S:^^*P^ (Xf->y7''5 2 2 
3) . iz^^^m-^l^iO^ (Xf--y7°5 2 2 4) . ^■5^ 
^l/^Jt^^ti. Sffil ^BtgiJTtr^SL/c^^OfMV 

(1, T) ^VM [1, m] {z^yhL (X-r>y7"5 2 
2 5) , ^Offl^MMit LTML. if^7-r^c 

[0 0 3 8] CCX\ B#SlJT(±Sffll, , POUT 

mmicit^. +^(c;^!r^fa (^j^jf. i 00m) tt 

5o k:6n T-J&V^ii^tlBUftc. Sffl k cD#IIfi 1 k 
mj;'9 (Xx-y7'5 12 6).;^ 

tl/^^^fiVM [k-1. m] ^ (X-r-y7°5 2 2 

7) . ^9T'*V^^^tiVM [k-1, in] i:VM [k 
-1, m-K] +V (k, T) CDZ-DCOmX-'b^ifj: 
(/^7?%VM [k, m] liC-kyhL (Xf--y7'5 2 2 

8) , ^(Dm^mmmtLxMbm-r^. fib. vm 

[k-1, m] tWM [k-1, m-K] (DiBi. MWL 
Value ^SWy"tiifriii:i:(cj; 0**6^0 
[0 0 3 9] mc. Xx-y^S 2 3 0«aiI{COt.^TI¥iffl 

M [n, r] 0{ii'(%mJt5M'milli:^0ri1£B.'f|,''JcD 
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5 2 3 2) o 

[0 0 4 0] VM [k. m] =VM [k-1, m] 

^ii^'^t^m^ (x-r-yT's 2 3 3). ^•j-e^itntfu 

XhRLtC (k, T) ^hW^ (X-r-y^S 2 3 4) . m 
7b^?>Sfflfi 1 k (Xr-y7°5 2 3 5), -^-^-efe 

ntffsjt t e>(Dii^t . «m(c k ^ i fctt'h 

$<-r5 (Xx-y/5 2 3 6) o k= 1 tfi-otz^. V 

M [1, m] ti^iEH-Sb^ti'm'm^ (Xx'y7'5 2 3 10 
7) , ^9T$)'5i:ttD*i';xhR LtC (1, T) ^llQ 
iT.'ryfB 2 3 8) o 

[0 0 4 1 ] la 5 (i^ifif+iii^© 5 icisifummmm 

#ffl»^R LcDfffilc (Xx-y7°5 2) ^S^^Dffi^fflV^ 

#ffi<0*#*-t:>y h L, S«Sffl«^R L^^«^fc-fe 

•y h SaiJ#P^5S^)*S1-'^f(m%Sa^l r ic^y 
M-§(Xr-yy52a)o #fflMA"S^«HtP^O 

^ m^vAr<Dm mmm^ cf)^m< (xr -y y 5 

2 b) o Cti^^ti^^fi^^m^ (Xx-y7°5 2 c) , 20 

IIS]] fe/ct)) O^WJjDifUV (i, T) A^JtifeiWi'l/^-fl^ 
ffli^SL, ^n^^akt-tr'y hf^ (Xr<y 7^5 2 

d) „ 

[0 0 4 2] mmm^mhkirxDTMm&muv 

(i, J) li. i ^mmcm^trcti^comm 

S«V (i, T) ^Sfflfi 1 ,l:-SJofct>£DT$.So * 

m&mit. ^n^stc (i-bi) -efijofctcoT-fe so 

UXhRLtC (k. T) ^maL (Xf->y7'5 2 

e) , <iffi«-a-cA^p,k^itv^T, m(Dmm^mm% 

2 b'xR^o 

[0 0 4 3] ia6tiS«Ifia^©5tC*5tt§ct3f^Ht||jij 

U X h ^mm^m U X h R L {ciaibn-r 5 xr -y ^ (x 

r'yy5 4) ^^^f3ffi^fflV^TjfimWlctf*^ti^ 

L.^p^i^fc*^ {1, , n) iRi^icwmm^t 

S (X-r -y y 5 4 1) o §#ffi i coJITBtgiJ e , (Omm 
afFalcoSe D U ( e , ) 1 ■ i: 0 /J^^ I ^ t OtiMffi 

#««^CA>e>lt< (Xx-y7'5 4 2) o 
C (X-r-yys 4 3), ST-$.n{fll 

d , mm^ri\(Dn o *^#iifis i . j; /J^^ < % o t l 

tom^c-t-yht^ (X'r-yfS 4 4) o 

[0 0 4 4] c(D^^■x:-mt^miLmm^m$>rc^ 

(Sfcti [liMiM'jB.'/ll'J] X ['iif4».'fl,"J] hfc^) 50 



#F»a 2001-285765 
12 

cO^piJjliSSU V (i, di) A^«fcia</>Silfii 

^n%U^klC-ty ht^ (Xx'y7°5 4 5) c 'J 
XhRL(C(k, dk) ^)B*PL (X-r-y 7°5 4 6) . 

imm-^ c P. k t . sffi k (Drmmi b . j-:^±?g 
sut^ij I ^m<D^m\ i o:>mmms<r)m u ( t ) a^?. 

Sfflftlk^^lt, x-r 'yy 5 4 2^x^50 

[0 0 4 5] a.-^tmm^f!!^^Lrcmmt>^h^^^ 
[0 0 4 6] i-:x-i-~mmmm<Dm%-^\ mm^^ca 

^(Dii^tCii, Xr-y7°5 2b, Xf- -y 7°5 4 2 (C^Sl^ 
T, ^cDJ;^;5:$iJ$>]©f-x-y^7^tfv\ iSSfc-rt'^)©^^ 

^Mffi#ffl*^ c {c^-r c i: i 0 ^M^^mrct 

[0 0 4 7] i^SiJ?i£fi*^SV^#li«>'3m/'£ti^. 

iilijiuv (i, T) o.iTOtcioi^r, v>> y;nrd©/^7 

[0 0 4 8] ]Kfi(DSaUXh R LtCv-'+y/PAcD^)?. 

uv (i, T) (Dimch^w\^\m^mf^ctici:K). 

>';l/OlIliB#p^(D|iJ^tcjfii/^X'y i/a- <; 

[0 0 4 9] piff^s^is 2 tm^mmmi 4 tcti. 

[0 0 5 0] ffii^(cj;?>7^}4Tti:, Ktcg«?^OSfflt 
[0 0 5 1] 0 7ti:ii«m('i*S-9--Amil^{cj;S^j|lW 
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m(D^mmiif&mmu mmsm^$^5icmto iff 

cortSPT-ii. mtiitcm&v xhii^wm 

t\micii^mwi'm^m4 3-\m-sn^. ml. \m 
Bfms$i?-9--/';±7ift)n5fc46, smuxhtiafs^ 10 

[0 0 5 2] rt§{cJ:^PS<f?^ii|#IS4 2ti. SffiUX 

[0 0 5 3] i^?)|ijii«»/i^,in7¥g 4 1 X-\ts rt^{cj:;5 

(i»^iy^®4 2 t\m\cii^«^^'j'Wms.4 a^^e^M 

© 2 ■o<D^ili]fflA^e.«,i;*W^i^iHa^5)<46§tcii^ 2 o 
[0 0 5 4] ^»^'W^S2ttAtJb;^^ISi A^bff^n 

ififfglirt^fc j;Si«ff^S#IS2 2 iitSlitcJ:SBfi!? 
^'S^IS2 S^xig-fo fit, tei)f(ci;SBf^^g?S2 

[0 0 5 5] rtgtc j;§Pf(f?^S?S2 2ti, IBtilitt 

p . , t;;<,i)i1ii: i i. ^ rlPJBfiff % p . . hmmrji^Wl 
*p> sj«rff®]*^e.«i^^n5ffi^pfiff)i£>S:r 50 



^F^2 001-285765 
14 

ttniis rt^{CJ;?.77Scoa*^. rp,/p+ (1 
-r) (1 -p,) / (1 -p) fg. t^l^tcj;?.;^!^© 
fi^^. rps/p+(l-r) (l-p.)/(l- 
p) jg-rSCttCctDff 

[0 0 5 6] ig8(i*;-A+J-->"S-efflpi;i*i^{c<t5^' 

iijBiffS^f i;<!6Timt-SJi^cDitf(!f)ti^P)m4 t 
ni»^S^IS2(D7n-y^Bl-(:-fe|,o ni»S^SiJ?S4 

fj^a-+f"ij X h i:^ne.^oa.-^f■^Di^iJW^Sffi^cWf 
txfcSiifi'; X h (cw-r ^i^siiiw^ficD u X h t ffi 
[0 0 5 7] miff^^^mzcop^^xii. "S^iffi 

^i«»s-r'-^^-x{c^s*rt?nSo rtSiiKi^tCcts 
'^wf/^i§2 4fi. B^MWtj-^^m-^x^k-r-fmuii 

[0 0 5 8] c CT'. *^a^co^iJ • ^g;^SoiaSt 

X ^ i^M^-HtcJS ^ X'^i/ + U X h t tVWc J; *3 . ^ 
Si| -¥^^^^9 (X'^v'-^UXhtf-VUcMLTli. 

Proceedings of the Twenty-Ninth Annual ACM Sympos 
ium on the Theory of Computing, 1997, pp.334-343l'C 
SitCD Y. Freund, R. Schapire, Y. Singer and M. Wa 
rmuth iZi:^ "Usingand combining predictors that s 
pecialize." ^^P.a^nfcl/^) <> 

[0 0 5 9] X-^i/-V'JXht-rVHi^-<®^SiJ7;U3 

7!id V XM^if ^nrcM^^i^-oxmmirs -5 tf 
^^a^o mcccD^y-'/ixii. nic^xffyf-mTn-t' 

UXAA^^iJ^tH;'3-r?>x+x/^-h^:x;l/i:Si9> ^ 
^»J^til;']-r^x^>'-¥';xhcom^^Ei:L. E 

(CS-r^X^v'-vUXh iCO^^IIHfi^q,. ^fe(Dfi^^ 

i:-r^o c:cDi;t. X'^^'A' Ux hcD^iJlcS-i* 
<^iijftpti. 
[|i(3] 

leE qi 
p = (7) 

Z^I€E W' 



(9) 



15 



[0 0 6 0] *%B^-r-(i. mmiDm^^tfrncohiy-Y 
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[0 0 6 1] 
[^4] 



d = 



ZI.eEi wi (qi -p)' 



i€ I 



(8) 



[0 0 6 2] S/c^l 



r ^ 1 -eSofcii^tca. 



10 [i(5] 
(1-r) (l-qi) 



Wj = Wi 



[ rqi 



1-p 



}-- 



— (9) 



[0 0 6 3] ^f^Hi^Tti:, rt^fCctSBf^fff^SiJ • 

N. ^n5<^)Sffl(DrT«a (oJx±im ®^h-%r 

i:-rtllf. R/N*fc{i (R + 0. 5) / (N+1. 

0) m(Dmtt^o 

[0 0 6 4] \&mic^^m^mi • 

[0 0 6 5] 30 
^ SI) L T g« L T < n ^ J; -5 1 ^ 5 i: 1/ ^ 9 S o 



[0 3] S«ltiB?IS5cDMnEI;gr?x1-|aT-fe^o 

[0 4] «aifii#is5tc*5tt5 mmmmv7,hR 

[0 5] #«lfiii¥S5{cfcnt5 r$fJSHf««UxhR 

[0 6 ] mmm^^ 5 tc^nts ^mmimmv x 

RLiCil/jP (X-f-y7"5 4) J ^&!.^iO'mc^>)'i7^m 
[0 7] ni^1ff8-9--/^T't«PtcJ:5^»J««^ja;g:im 

[0 8] .t^-i>+>--/^T-ffia3i:rt^{cj;5^iiJi«»)g^ 
S^:i6Tl+W-r5Ji^'?5Bt»Jt^iJ#|g4 tmitf^^^ 
IS 2 p ^^/T^0-efeSo 



~ 1 5 l21i^Sf* 
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k.arg max UV(i.di) 
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For all bi(& Kdk 
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